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(54) UQUID CRYSTAL DISPLAY ELEMENT 
(57)Ab«trect 

PURPOSE: To provide the liquid crystsl display device, having transmittance which 
dapandi less on vertical visual angles. 

CONSTITUTION: There are transparent eJeotrodes 4, 5 on the Inner aide of substrate 
glaas 1. 3 at the cross section of the color liquid crystal display element provided with 
two oell gaps d1, d2 within one pixel. Oriented films 5, 7 are formed on the surfaces 
thereof and are provided with TFT alementa with eaoh of the pixele. Phase difference 
platea S, 9 for Improving the visual angle are formed on the outside of the substrates 1, 2 
and polarizing plates 10, 1 1 are formed on the outside thereof Different color filters 12. 
12' are arranged in the respective elements. Insulating f)lma 13 used thus far in the 
process in order to protaot the TFT elements are partly made to remain In the respective ir 
elements. The call gap which is the width of the liquid crystal layer is Thereby provided 
with two dl. d2. Sinoe these materials are originally used, there Is no need for increasing 
man-hours snd materials. The visual angle at which tranamtttanoas of 10% and 30% of 
medium contrast invert Is spread from a lower direction 42' thus far to 55K and the 
visibility in the lower direction is improved. 
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[0005J 

[Problems to Be Solved by the Invention] 

To solve the problem identified above, one 
arrangement of the present invention is such that, a liquid 
crystal display element, in which liquid crystal is 
sandwiched between two substrates each having an 
electrode and twisted when no voltage is applied to the 
electrode, includes at least one phase difference plate and 
a plurality of cell gaps formed in one pixel. A second 
arrangement of the present invention is characterized in 
that, the cell gaps are any one of the followings or a 
combination of them: gaps formed by causing a part of an 
insulating film on a transparent electrode of one pixel to 
remain; gaps formed by causing a part of a gate insulating 
film of a thin-film transistor as a structural element of 
one pixel to remain; and gaps formed by altering, in one 
pixel, the thickness of a topcoat layer provided between 
the substrates. A third arrangement of the present 
invention is such that the substrate is a glass substrate, 
and the cell gaps are irregularities formed by subjecting 
the surface of the substrate to a hydrofluoric acid 
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treatment- A fourth arrangement of the present invention 
is such that the difference between the cell gaps is only 
not more than 10% of the thickness of the cell gaps. A 
fifth arrangement of the present invention is such that the 
difference between the cell gaps is only not more than 
lOyim, 

[0006] 

[Effects] 

In liquid crystal displays, optical transmission is 
controlled by twisting the orientation of liquid crystal 
molecules by applying an electric field thereto. For this 
reason, it is unavoidable that the contrast varies 
depending on viewing angle. Thus, since the dependency 
on vertical viewing angles varies in accordance with the 
variation of a retardation value of the liquid crystal 
element, different retardation values are set so that the 
dependency on vertical viewing angles is enhanced in 
addition to the effect of the phase difference plate, and 
consequently the dependency on the viewing angles is 
improved by balancing out the viewing angles. Since the 
retardation value is determined by multiplying an optical 
anisotropy An of the liquid crystal molecules by a cell gap 
d, the cell gap d is caused to vary accordingly, in order to 
acquire a desired retardation value. The cell gap is a gap 
between alignment films. When the gap between the 
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alignment films is varied, since the rotation angle of the 
liquid crystal molecules is consistent (i.e. the value An is 
consistent) in the same electric field, the total rotation 
angle is decreased when the cell gap as accumulation of 
the rotation angles is caused to be shorter. As a result, 
the transmittance decreases- In other words, a 
multi-cell-gap arrangement is realized by providing more 
than one cell gap in one pixel of the liquid crystal element, 
and the range of retardation values in one pixel is 
increased. With this, the dependency of the transmittance 
on the viewing angles is varied, causing the inversion to 
occur at the deeper angle. 
[0008] 

The following will describe a specific embodiment of 
the present invention. Fig. 1 shows a cross section of a 
color liquid crystal display element in which two cell gaps 
dx and da are provided in one pixel. In terms of structure, 
this liquid crystal display element is identical with a 
conventional liquid crystal display element in which a 
liquid crystal layer 3 is sandwiched between two glass 
substrates 1 and 2. The liquid crystal clement in Fig. 1 is 
arranged in such a manner that transparent electrodes 4 
and 5 are disposed on respective inner surfaces of glass 
substrates 1 and 2, on these transparent electrodes 4 and 
5 alignment films 6 and 7 are formed, respectively, and a 
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TFT (Thin Film Transistor) element (not illustrated in its 
entirety) as a switching element is provided for each pixel. 
Furthermore, on respective outer surfaces of the glass 
substrates 1 and 2, conventional phase difference plates 8 
and 9 for improving viewing angles are formed, and 
polarizing plates 10 and 11 are provided further outsides 
thereof. The figure illustrates two pixels, and these pixels 
have different color filters 12 and 12'. In each of these 
pixels, two cell gaps di and d2 as widths of the liquid 
crystal layer are formed by forming an insulating film 13. 
This insulating film 13 is a residue of an insulating film 
which has conventionally been used in a process in order 
to protect a TFT element functioning as a pixel. Since the 
insulating film 13 is a part of the conventionally required 
member, neither additional manufacturing steps nor 
additional materials are required. Note that, in figures, 
the widths of the cell gaps, other kinds of thicknesses and 
the like are not illustrated in conformity to actual 
proportions. 
[0009] 

Provided that the cell gap di^4.0pm and the cell gap 
d2=4.5pm> a transmittance in 10% halftone varies in such 
a way that, as Fig. 6 shows, the transmittance in the cell 
gap di is smaller than the transmittance in the cell gap d2 
when the viewing angle is small, but the transmittance in 
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the cell gap d\ is smaller than the transmittance in the 
cell gap d2 when the viewing angle is not more than -40° 
in the downward direction. That is, from one viewpoint, 
the transmittance of the liquid crystal between the cell 
gap di is different from the transmittance of the liquid 
crystal between the cell gap d 2 , when identical voltages 
are applied thereto. However, as the liquid crystal between 
the cell gap di is very close to the liquid crystal between 
the cell gap da, one cannot discern the difference between 
the transmittanccs in one pixel, so that the transmittance 
of one pixel is at an average of these two transmittances. 
[0010] 

Thus, in the case of the multi-cell-gap arrangement 
as shown in Fig. 1, the transmittance in 10% contrast 
halftone is at an average of the transmittances in Fig. 6, 
and the transmittances in other percentages are also 
figured out in similar manners. Fig. 7 shows the overall 
transmittances. This figure indicates that the inversion 
occurs at 55° in the downward direction in the cases of 
the transmittances in 10% and the transmittances in 30%, 
comparing to 42° in the downward direction in the case of 
the conventional art. 
[0011] 

As described above, by the plurality of cell gaps, the 
transmittances in the downward direction are varied and 
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an angle at which the inversion occurs is moved. For this 
reason, the visibility in the downward direction ia 
improved by providing cell gaps in one pixel. There are 
several ways to form the cell gaps, 
[0012] 

(Second Embodiment) 

After forming color filters 12 and 12* as shown in Fig. 
8, a top coat layer 14 is formed thereon, and cell gaps di 
and d2 are formed by forming an unevenneaa in each pixel. 
After forming the top coat layer 14, transparent electrodes 
4 and 5 and alignment films 6 and 7 are formed, and 
consequently a liquid crystal display element is formed. In 
this case, the unevenness is formed on the side opposite 
to that of First Embodiment in Fig. 1 but the difference of 
retardation values is identical with that of the 
Embodiment in Fig. 1. 

[0013] 

(Third Embodiment) 

Fig. 9 illustrates how cell gaps are formed using a 
gate insulating film 15, In a process of forming a gate 
electrode of a transistor of each pixel, a part of the gate 
insulating film is caused to remain and then transparent 
electrodes 4 and 5 and alignment films 6 and 7 are formed 
on that part, so that the thickness of a liquid crystal layer 
3 is caused to be uneven. This process is also a part of 

7-J 14020/1995 

-fc - 



•2004* 101 5E 20326ft S. YAMAMOTO OSAKA 



NO. 8755 P. ' 40/56 



the conventional process, thereby not resulting in cost 

rise. 
[0014] 

(Fourth Embodiment) 

Fig. 10 illustrates how cell gaps are formed by 
forming unevenness on the surface of a glass substrate. 
The surface of a glass substrate IS is subjected to a 
hydrofluoric acid treatment so that scabrous and small 
irregularities are formed on the surface. As a result, the 
irregularities equivalent to the cell gaps di and d 2 are 
formed in one pixel. In this case, the irregularities are 
sufficiently small in consideration of the size of the pixel. 
For this reason, an image can be reproduced in a more 
uniform manner. 

[0015] 

The embodiments above can be easily implemented, 
and cell gaps formed through varying combinations of 
these embodiments can also vary the retardation values. 
Thus, a suitable combination of the embodiments can be 
used depending on the situation, and a liquid crystal 
display element with improved vertical visibility can be 
formed without any problems. Also note that, although 
two cell gaps are formed in First, Second, and Third 
Embodiments, it is possible to obtain similar effects when 
more than two cell gaps are formed in one pixel, and the 
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alignment of cell gaps is not necessarily continuous as in 
Fourth Embodiment. 
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